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INTRODUCTION

A study was conducted of the South Plants chemical manufacturing area on

the Rocky Mountain Arsenal to determine the quantity of water leaving the area

as surface runoff. Since the South Plants were originally constructed over a

high point on the Arsenal, surface water runoff flows in many directions from the

site. Ten watersheds were identified in the South Plants area and separate

calculations were conducted for each watershed. Design storms representing a

24 hour precipitation event with return frequencies of 2, 5, 10, 25 and 100years

were used to deter.uire the total volume of runoff and the maximum flow rate that

could occur from the plants watersheds. The flow and volume calculations for

the south watersheds take into consideration the effects of the existing storm

Ssewer network.
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WATERSHED MAPPING

Watersheds in the the South Plants area were mapped using the Shell Chemical

Company surface drainage system map, an Arseanl two-foot contour map of the plant.

area, aerial photos of the South Plants on the scale one-inch to lO-feeat, and

by extensive visual inspection and on-the-ground mapping: All culverts and storm

drainage conveyances in the plants were checked and flow observations were made

during runoff events. Ten separate watersheds were identified in the South Plants

area. Watershed boundaries were mapped and each watershed area was calculated.

Watershed maps are included in Appendix A.

RAINFALL DATA

Rainfall data used in this study were taken from the Urban Storm Drainage

Criteria Manual . This manual provides rainfall isohyetal maps which give the

depth of the preciaitation in inches for 2, 5, 10, 25, and 100 year storm frequen-

cies for a storm of 24 hours or other desired duration. The maps cover a six

county area surrounding metro Denver from Longs Peak to Palmer Lake and from

Deer Trail to the Continental Divide. The rainfall data in the manual is widely

used in the Denver arna and the reliability of the isohyetal lines has been satis-

factory for design purposes for many years. An example of a rainfall isohyetal

map covering the Arsenal is given in Figure 1.

Using the Urban Storm Drainage Criteria Manual procedures, precipitation data

was extrapolated to represent the southern portion of the Rocky Mountain Arsenal

in Section 1, Township 2 South, Range 67 West. From this data a Depth-Ouration-

* Frequency graph was constructed to specificaily rtpresent this area (Figure 2).
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Storm data from this graph used in thts study are summarized below:

Frequency Duration Depth

2 year 24 hour 1.90 inches

5 year 24 hour 2.57 inches

10 year 24 hour 3.23 inches

25 year 24 hour 3.48 inches

100 year 24 hour 3.87 inches

Figure 3 and Table 1 present Time-Intensity Frequency Curve data for the

2-year, 10-year, and 100-year storms for Rocky Mountain Arsenal South Plants.

This figure represents the most intense rainfall hour during a 24-hour storm:.

For design purposes a storm pattern must be assumed in a1l hydrologic studies.

The US Soil Conservation Service (1973)'0 has adopted a method where two patterns,

Type I and Type IIare used. In this study the Type II storm pattern, applicable

to this geographic area, is used. An example of the Type II storm is shown in

Figure 4. In the one hour Time-Intensity-Freqency Curves discussed in the above

paragraph the most intense one hour rainfall would occur between the l1th and 12th

hours of the 24 hour storm. For any design storm duration less than 24 hours the

steepest part of the type II curve is selected for the design storm.

SURFACE STORAGE, INFILTRATION, AND RUNOFF

Considerations of surface storage in the south plants were taken for all

areas where concrete, asphalt or earthen berms impouni precipitation and exclude

It from surface runoff. These areas were mapped for each watershed and the area

' of impoundments excluded from the watershed area. These impoundments are



TABLE 1.

TIME-INTENSITY-FREQUENCY CURVE DATA

2 YEAR STORM

Intensity Intensity
Minute, Rainfall Depth Inch/Unit Time Per Hour Inches/Hour

5 (.42) .34 .34/5 Min 12 4.08
10 (.63) .52 .18/5 Min 6 3.12
20 (.84) .69 .17/10 Min 3 2.07
30 .82 .13/10 Min 2 1.64
40 .90 .08/10 Min 1.5 1.35
50 .96 .06/10 Min 1.2 1.15
60 1.00 .04/10 Min 1.0 1.00

P 10 YEAR STnRM

5 .51 .51/5 Min 12 6.12
10 .77 .26/5 Min 6 4.62
20 1.02 .25/10 Min 3 3.06
30 1.22 .20/10 Min 2 2.44
40 1.32 .10/10 Min 1.5 1.98
50 1.41 .09/10 Min 1.2 1.69
60 1.50 .09/10 Min 1.0 1.50

100 YEAR STORM

5 .64 .64/5 Min 12 7.68
10 .96 .32/5 Min 6 5.76
20 1.28 .32/10 Mir 3 3.84
30 1.52 .24/10 M9in 2 3.04
40 1.68 .16/10 Min 1.5 2.52
50 1.79 .11/10 Min 1.2 2.15
60 1.90 .11/10 Mi 1.0 1.90
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generally found as lagoons or enclosures around chemical storage tanks, in the

plants area. Precipitation is held in these structures until it evaporates.

The major abstraction from precipitation on the South Plants is infiltration

into soils and structures. The critical factor affecting infiltration rates is

the antecedent moisture condition. Generally wet soils and surfaces in the

plants area have a lower infiltration rate than dry ones. Runoff calculations

in this study wetr performed under three antecedent moisture conditions.

The method used for runoff calculations was developed by the Soil Conservation

Service (SCS) of the US Department of Agriculture (1972) k. The method'combines

Infiltration losses with surface storage and estimates rainfall excess, or

equivalently, the runoff volume. The SCS method used assigns each soil type to

a hydrologic Soil Group and each lapd use a curve number (CN) as detailed in

Figure 5. The South Plants soils fall in Hydrologic Group B. For example,

impervious areas are assigned a C.i of 98,while pasture land in good condition

is assigned a number of 61. In areas such as the South Plants where several

land use types are evident, a weighted curve number (CN) is developed by mapping

the acreage of each land use type, assigning a curve number from Figure 5', and

calculating the weighted average CNi.

A weighted curve number, CN, was calculated for each of the ten South Plants

watersheds from the watershed maps. Maps were prepared using linch ta IGO feet scale

aeral photographs of the South Plants and by field mapping as required to

determine the actual type of land surface. The SCS curve number charts,(SCS,

1972) , Figure 5 were used to assign curve numbers. All areas in the South Plants

were measured and no estimates were used. The Adams County, Colorado,soil survey

* was used to identify the soils in the South Plants area. The Ascalon series

-9-
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dominates the plants area. Briefly described, this soil Is loamy sand, and sandy

loam, SPI or SC, with permeability of 0.63 - 2.0 In the 0-21 inch horizon. These

soils are in hydrologic soil type B and are generally detcribed as having a

moderate infiltration when thoroughly wet. They are chiefly moderately deep,

well drained soils of moderately fine to moderately coarse texture. South of

the plants the Truckton soil series occursbut only in minor amounts in the

watershed areas considered.

To represent differing degrees of soil moisture that can occur prior to a

given storm the SCS method has developed a coefficient to convert curve numbers

(CNs) representing a normal antecedent moisture condition 11 (AM'C II) to drier

condition (AM4C I) and a wetter condition (AMC 1I1). Curve numbers from the

South Plants watersheds were converted via the SCS coefficient to represent the

range of moisture conditions prior to the design storm event. Table Z gives the

curve numbers for the three different antecedent moisture conditions.

Once the weighted WNs are developed for each watershed, the SCS in Figure 5

provide experimentally derived solutions to the runoff equation. This figure

allows the direct rainfall from each design storm to be converted to direct

runoff in inches. For example, for a 100-year, 24-hour storm with a rainfall of

3.87 inches on watershed 4 with CN of 83, the direct runoff in Inches is 2.20.

Table 3 gives the direct runoff in Inches for three antecedent moisture condltiens

for five design storms for the South Plants watersheds.

After the direct runoff in inches is graphically determined for each water-

shed, that value is multiplied by the watershed area in acres to determine the

storm runoff volume for each design event in acre feet. These values are

summarized In Table 4.0
-Il-



TABLE 2.

CURVE NWUBERS FOR THREE DIFFERENT
ANTECEDENT MOISTURE CURVES

AMC II
Watershed CN Factor AMC Factor AMC III

1 85 .835 71 1.11 94

2 84 .822 69 1.11 93

3 88 .854 75 1.08 95

4 83 .814 67 1.12 93

5 72 .742 53 1.20 86

6 73 .748 55 1.19 87

7 77 .832 64 1.16 89

8 77 .832 64 1.16 89

9 84 .822 69 1.11 93

10 71 .'36 52 1.20 85

-12-
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PEAK FLOWS IN SOUTH PLANTS WATERSHEDS

The maximum flow volume in cubic feet per second was determined for each

South Plants watershed for a full range of precipitation events and antecedent

moisture conditions. Hydrographs were not developed at this point in the study

because peak flow calculations are sufficient for sizing structures during design

for small, simple watersheds. Peak runoff rates were entimated using the SCS-TR55

method (SCS, 1973) 0. In developing this method the SCS applied their Type II

storm to a one-square-mile watershed using a CI of 75, sufficient rainfall volume

to produce three inches of runoff, and a wide range of times of concentration. A

computational computer program procedure was used to develop hydrographs using the

regular SCS hydrograph procedure. As a result of the computer computations the

SCS produced a curve relating timi of conc-intration in hours to peak discharge,

qp,' in cubic feet per second, per square mile, per inch of runoff.

Figure 7 gives this relationship. The time of concentration, tc, is the time

it takes for flow to reach the basin outlet from the hydraulically most remote

point on the watershed. Several methods are available for estimating the time

of concentration for a watershed. A simple method for estimating time of con-

centration, tc, was used in this study. This method developed by the SCS 0

relates the time of concentration to the watershed lagtime as Iollows:

tL - 0.6 tc

where tL is the watershed lagtime in hours.

The SCS lagtime equation for tL compatible with the curve number method

used previously is

tL L 0.8 (S + 1) 0.7 (50<Cal <95

1900 Y 0.5

"-16-
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where L is the hydraulic length of the watershed in feat, Y is the average land

slope in percent for each watershed, and S is given by the equation:

S - 1000
CN -10

The curve number, CN, was calculated in the previous sect-ion. Data. for the

hydraulic lengths and slopes of the ten South Plants watersheds were calculated

from two-foot contour maps on the 1" - 100 ' scale.

Once the time of concentration, tc, is calculated Figure 6 gives qp', cubic

feet per second, per square mile, per inch of runoff. The peak flow is thus:

qp - qp' AQ

O where A is the watershed area in square miles, and Q is the runoff volume in inches

from Figure 5.

Peak flows data for the South Plants watersheds are summarized In Table 5.

0
-17-
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